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AN INTERLABORATORY TEST FOR CERTIFICATION OF POTASSIUM 
CHLORIDE AS A CERTIFIED REFERENCE MATERIAL (CRM) FOR 
SOLUTION CALORIMETRY 

C. Gf~nther (ADW ROSSENDORF), R. Pfestorf (KMU LEIPZIG), 
M. Rother ('rH MERSEBURG), Jr. Seidel (ADW FREIBERG), 
R. Zimmermann and G. Wolf (BERGAKADEMIE FREIBERG), V. Schr6der (AMT 
FUR STANDARDISIERUNG, MESSWESEN UND WARENPROFUNG (ASMW), Ft3RSTENWALDER 
DAMM 388, 1162 - BERLIN, G.D.R. 

The enthalpy o f  solution o f  KCI in H20 (1 :2000 mol 'mol  - l  ) at 298.15 K was measured in an 
inteflaboratory test in the G.D.R. The test material was prepared in the ASMW laboratories. The 
purity found on the high-precision coulometric titration o f  chloride was 0.9999-+ 0.0001 g '  g-~. 
The consensus value o f  the enthalpy o f  solution in the test was AH, 29s'~s = 17.47 -+ 0.07 k l ' m o l  - l .  
This result is in good agreement with experimental values from recognized international scientific 
laboratories. The test material is applicable as a CRM. 

The enthalpy of  solution of  KC1 in H 2 0  (1:2000 m o l ' m o l - 1 ) ;  m 
= 0.02775 mol kg -1 ) at 298.15 K has been measured in an interlaboratory 
test organized by the ASMW in the GDR. This test was made (i) to show the 
ability of  selected laboratories in the GDR to make accurate measurements,  
(ii) to produce in this way CRM KC1. 

Experimental 

Materials 

The material for preparation of  the KC1 sample was a 10 kg charge com- 
mercial potassium chloride (p.a., purissimum, VEB Laborchemie Apolda, 
GDR; 99.8 mass per cent). It was purified in two steps in the chemical 
laboratories in the ASMW. 

In the first step, KC1 portions of  1 kg were dissolved in double-distilled 
water at 90 ~ and the solutions were filtered through a fl i t ted glass filter. 
After  this procedure,  the KC1 was precipitated through the dropwise ad- 
dition of  methanol  and cooling at 20 ~ The precipitated KC1 was separated, 
washed twice in methanol and dried for 4 h at 120 ~ In the second step, the 
whole charge was recrystallized from quartz-distilled water. To obtain a 
uniform particle size o f  100 -500 / am,  the KC1 solution was cooled according 
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to a temperature programme, with a stirring device. After separation, the 
KC1 was washed again and dried for 4 h at 150 ~ The yield of  the overall 
procedure was 25 per cent of  the starting material. 

In the next  operation, the KC1 was sieved through standard bronze sieves. 
The fraction of  1 0 0 - 5 0 0  gm was taken and homogenized by shaking for 2 
h in a glass container. 

Test of  purity 

To test the purity, a high-precision coulometric ti tration of  chloride was 
performed. To ensure lack of  disturbance by bromide, a semi-quantitative 
colour test for bromide was carried out. A colour comparison with a series 
o f  calibration solutions showed that the bromide content  in the starting 
material was lower than 0.01 mass per cent. The samples for the coulometric 
ti tration were taken from the homogenized final product  and were treated in 
the same way as the samples for the interlaboratory test. 

The titrations were carried out  in a standard coulometric device built in 
the ASMW [1]. The determination of  the puri ty was based on the deter- 
mination of  accurate measurable electrical quantities, time and mass, related 
by Faraday's  law. 

An at tempt was made to minimize the relative systematic error of  the 
device by calibration of  the individual instruments in the ASMW. The relative 
systematic error of  the whole device could be estimated as lower than 0.01 
per cent. 

The titration of  chloride [2] was performed in a daylight-proof vessel 
with anodically produced silver ions in a special methanolic anolyte, with 
potent iometr ic  determination of  the end-point. The anode was pure silver 
with impurities lower than 5 ppm. The current density was 0.3 A ' d m - 2  and 
the sample mass averaged 0.2 g. 

The results o f  7 individual measurements were t .00017, 0.99993, 0.99995, 
0.99984,  1.00005, 0.99984 and 0.9997 g" g - l ,  with a mean of  2- = 0.99996 
+0.00011 g.g-1 (p ~_ 0.95). 

The interlaboratory test 

The concept  o f  the certification of  a CRM by an interlaboratory test was 
based on two assumptions: 
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1. there is a laboratory populat ion in the GDR capable of  determining CRM's 
with acceptable accuracy; 

2. the differences between individual results, both  within and between la- 
boratories, are statistical in nature. 
Each laboratory mean was considered to be an unbiased estimate of  the 

characteristic of  the material. The material was considered to be homoge- 
neous after the homogenizing procedure and in view of  the coulometric 
results. It was dried in a platinum vessel at 800 K for 8 h and cooled in a 
desiccator. Test port ions in a dried nitrogen atmosphere in gas-proof glass 
vessels were prepared in ASMW laboratories and sent to the participants. 
The opt imum drying conditons and particle size were obtained from the 
work o f  Kilday [3 ]. 

For  the calorimetric measurements,  the following conditions were fixed: 
1. temperature:  298.15 K; 
2. dilution: 1:2000 mol" mo1-1 (KC1/H20) 

(0.02775 mol 'kg  -1 ); 
3. the measurements should be performed integrally with air-saturated 

double-distilled water; 
4. each laboratory should carry out  a minimum of  3 replicates. 

The interlaboratory test was evaluated in the ASMW on the basis of  the 
measurement  reports, which contained all the individual results, estimations 
of  systematic errors, technically explainable outliers, the measurement data, 
the names of  the operators, and so on. This corresponds to the procedure 
recommended by the ISO [4]. 

Results 

The results from all laboratories were tabulated systematically, and the tech- 
nically explainable outliers were eliminated. Next,  statistical outliers were 
looked for according to Dixon's r-test [5]. None were found. Laboratory 
means were calculated. No formation of  clusters could be found in the in- 
dividual laboratory results, and no correlation was observed between the 
date of  measurement and the result. Table 1 shows the laboratory means 
and the standard deviations. 
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Table 1 - Results o f  the interlaboratory test (enthalpy of solution AIls 298~s K, m = 0.02775 mol 'kg -1 ) 

Laboratory Number  o f  Sample Type of  Mean, Standard 
measure- mass, g calorimeter kJ" mo1-1 deviation, 
merits kJ "mol-I  

I 5 0.005 C 80 17.56 0.16 
2 4 0.16 LKB 8700 17.37 0.02 
3 4 0.15 NTK 82 17.37 0.16 
4 27 0.19 NTK 82 17.55 0.10 
5 8 0.21 LKB 8700 17.50 0.02 
6 10 0.15 self-made 17.47 0.02 
7 4 0.12 LKB 8700 17.47 0.17 

In o rde r  to  calculate  a consensus value (mean  o f  means) ,  each l abo ra to ry  
me a n  was cons idered  as an individual  resul t  and was taken  as unbalanced.  
The  consensus value was: 
S = 17.47 +- 0 .07 k J ' m o 1 - 1  (P~---- 0.95) .  

1 7 o o f  " 

17.31~-- A Kilday [31 1980 
! zx �9 Weintroub Apelblat ~] 1984 
~ zx o Sanahujo Cesari [7] 1984 
I o �9 This work 

1720 I I I 
0.05 0.10 0.15 

m, mol.kg -1 (H20) 

Fig. 1 Enthalpy of solution 

1 - Sektion Chemic, Technisehe ttochschule "Carl Schorlemmer",  Merseburg, GDR 
2, 3 - Sektion Chemie, Bergakademie, Freiberg, GDR 
4 - Sektion Physik, Bergakademie, Freiberg, GDR 
5 - lnsti tut  f '~ Aufbereitung, Akademie der Wissenschaften, Freiberg; GDR 
6 - Zentralinstitut far Kernforschung, Akademie der Wissenschaften, Rossendorf,  GDR 
7 - Sektion Chemic, Karl-Marx-Universit~t, Leipzig, GDR 
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Discussion 

Figure 1 shows experimental values from international scientific labora- 
tories [6-8] .  Our result is in good agreeement with these. The deviations 
between the laboratory means are acceptable too. In 1987, the IUPAC 
recommended a value of  the enthalpy of  solution [9] of  AHs z98' 1~ = 17.59+ 
+0.01 kJ "mo1-1 for the dissolution KCL (cr)+ 500 H20 (1)----- KCL 500 H~O) 
(1). 

We converted this value with Parker's tables [10] to a dilution of 1:2000 
tool "mol-~, and obtained AHs----- 17.49 kJ'mol- ] .  This result too is in good 
agreement with our value. 
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Zusammenfassung - Die L6sungsenthalpie yon KC1 in Wasser (Molverh/lltnis 1:2000) bei 298.15 K 
wurde in einem Vergleichstest in mehreren Laboratorien der DDR gemessen. Das Testmaterial wurde 
in den Laboratorien des ASMW hergestellt. Eine coulometrische Prtizisionstitration des Chlorids e~ab 
seine Reinheit zu (0.9999 • 0.0001 g/g. Der tibereinstimmende Wert fOr die LOsungsenthalpie wurde 
in dem Test zu AHs :98Ls = (17.47 • 0.07) kJ tool -~ gefunden, in guter t3bereinstimmungmitexperi- 
mentellen Angabe aus internationalen Laboratorien. Nach Abschluss des Testes ist das Material als be- 
st~tigter Bezugsstandard verwendbar. 

PE3IOME -- B F/IP 6btao npoBeaeHo ~3MepeAne 3HTanBFnIH pacTBOpeH~Lq xnop~z~a Kanr~ s 2000 MOab/ 

Monh H:O rrpr~ Te~nqepaType 298.75 K. C 9TOffl I/e/II~/o 6bIJIH rlpoBeJ~eHl~i Me>lr na6opaTop- 

HI~le HC[ISITaHHH. HCnS[TB[BaeMB'~ ~IaTepHan 65ui nonyqes s na6opaTopH~x ASMW. qrlcTora MaTepnana, 
onpe~eneHHa~ BbICOKOTOqHblM KynOHOMeTpHqecI<HM THTpOBaI-I~IeM xnopt4;l-HoHa, CocTaBnylna 0.9999 
+ 0.0001 F'F -l . 3HaqeHHe 3HTansI]HH pacTBopermn, HO/lyYeHHoe TaI<HM TeCTOBSIM MeTOjIOM, COCTaBnHna 

AH S 298.15 = 17.47 • 0.01 KZlz<" MOnS-*, qro xopotuO cornacyeTc~ c 31<cHepHMeHTa/ISI~IMH 3HaqeHI~MH, 

HaI~eHHBIMH B /IpyFw.X Me:ffc/lyHapO~lHblX HayqI-l]blX na6opaTopHax. [Iocne OHOHqa/-n4$1 Hc/Ir~ITaH!4J:I, Be- 

uleCTBO 6r~InO flp~IMeHeHO I<aK CRM. 
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